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ABSTRACT
White, Alan S., M.S., June, 1976 Forestry
Evaluating Land Survey Notes to Determine the Pre-Settlement 
Structure o f the Lubrecht Forest, Montana (62 pp.)
D irectors: Lawrence K. Forcier, Sidney S. F ris se ll S S f "
Survey notes of the o rig in a l U.S. land survey (1884-1897) of 
the Lubrecht Forest were examined to determine what information 
they could provide concerning the s tructu re  of early fo rests .
The examination included tests to determine a) the v a lid ity  and 
accuracy o f the survey notes, and b) the most appropriate methods 
fo r analyzing survey notes.
The selection o f bearing trees by surveyors involved bias a- 
gainst small and very large diameter trees and possibly against 
certa in  .species. Surveyors tended to overestimate the diameters 
o f bearing trees, and the recorded data a t survey corners con­
tained several mistakes. Trees in  some old-growth stands were 
d is tr ibu te d  in an aggregated pattern. These factors made use o f 
point-sampling methods o f analysis o f survey data inappropriate. 
However, the survey corner data was used to determine re la tiv e  
(percent) measures o f the pre-settlement fo re s t s tructure .
Percent basal area, density, and frequency were sunmed in  each 
o f three sub jective ly  defined s t ra t if ic a t io n  un its  based on topo­
graphic features, thus determining importance values fo r each 
species in  the pre-settlement fo rests . The d is tr ib u tio n  o f d ia ­
meters o f pine (Pinus contorta and P_. ponderosa) and Douglas-fir 
(Pseudotsuga menziesii) bearing trees was p lo tted  fo r  each s tra ­
t i f ic a t io n  u n it.
Pine species dominated the warmest, d r ie s t environments o f the 
pre-settlement forests and Douglas-fir dominated more moderate 
environments. Results fo r  the coolest, wettest environments were 
disregarded because too few survey corners f e l l  in  tha t s t r a t i f i ­
cation u n it. Larch (Larix occidental is )  was a consistent, a l ­
though never dominant, component o f the pre-sett!ement fo rests .
This study u til iz e d  the recorded data a t survey corners only, 
although a lte rn a tive  uses o f the survey notes were discussed. 
Survey corner data proved to be a good source o f information on 
the pre-settlement structure  o f the Lubrecht Forest.
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CHAPTER I
INTRODUCTION
Spurr and Barnes (1973) stated th a t "a b r ie f  survey o f the nature 
o f the pre-settlement fo res t and the e ffects on i t  o f land clearing, 
logging, f i r e ,  and land abandonment is  essential to an understanding 
of the present forests o f temperate North America." Understanding-the 
development o f present-day forests is  only one use o f data on pre­
settlement fo rests . For instance, there is  considerable debate today 
in fo re s try  and other areas over whether or not man's management of 
natural resources is  be tte r than le t t in g  nature fo llow  its  own course. 
Much o f the debate appears to be caused by a lack o f knowledge of how 
ecosystems operate in  the absence o f man.
The sources o f information on pre-settlement forests are somewhat 
lim ite d , however, being re s tric ted  p rim arily  to the early w ritings o f 
tra ve lle rs  and explorers and the records of the General Land O ffice 
survey. The major advantage o f survey notes is  tha t they constitu te  a 
systematic sample o f early vegetation covering almost the en tire  con­
terminous United States. Present old-growth stands are often consi­
dered to be quite  s im ila r to pre-settlement fo res ts , but the acreage 
in old-growth fo re s t is  rap id ly  being diminished. Early w ritings of 
tra ve lle rs  and explorers sometimes contain good descriptions o f the 
vegetation encountered, e.g. the journals o f Lewis and Clark; but 
these chronicles more often dea lt with human a f fa irs ,  such as encoun­
ters w ith Indians (Spurr and Barnes, 1973).
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The Problem and Objectives o f the Study
With the exception of a few studies (Habeck, 1961, 1962), l i t t l e  
work w ith the survey notes has been conducted in  the northwestern 
states. The purpose o f th is  study was to determine what kinds o f 
information on the s tructure  o f pre-settlement forests could be con­
f id e n tly  derived from the land survey notes o f the Lubrecht Experimen­
ta l Forest in western Montana. The spec ific  objectives o f th is  pro­
je c t were 1) to determine i f  any bias in regard to species or diame­
ters was involved in the selection o f bearing trees, 2) to determine 
i f  the diameters o f or distances and d irections to bearing trees were 
estimated, 3) to analyze the, d is tr ib u tio n  patterns o f trees in o ld- 
growth stands to determine the most appropriate method(s) o f survey 
note analysis, and 4) to use the survey notes to shed l ig h t  on the 
structure o f the pre-settlement forests tha t once covered what is  now 
the Lubrecht Experimental Forest. The f i r s t  three objectives were 
p rim a rily  concerned w ith what methods o f analysis o f survey notes 
were most appropriate to use and what inherent properties o f the survey 
notes might a ffe c t any resu lts  generated. The fourth ob jective  rep­
resents an attempt to add an h is to r ic a l dimension to present know­
ledge o f the Lubrecht Forest.
CHAPTER I I
LITERATURE REVIEW
History o f the Development 
o f Public Land Surveys1
Following the Revolution, the United States found i t s e l f  in  need 
o f c a p ita l. The government decided tha t one way to ra ise the money i t  
needed was to se ll i t s  vast public lands. Considerable controversy 
existed over the manner in which these lands were to be sold. In 
1814, a fte r  numerous methods had been tr ie d ,  government o f f ic ia ls  de­
cided that the land would be divided in to  square townships 36 square 
miles in area. Each township was divided in to  36 one-mil e-square 
sections. The government fu rth e r stipu la ted tha t one section in each 
o f the townships would be reserved fo r  the support o f schools. Seven 
e n tire  townships were set aside fo r  colleges--two in Ohio and one each 
in Indiana, I l l in o is ,  Michigan, M iss iss ipp i, and Orleans T e rr ito r ie s .
Two major surveys were conducted fo llow ing the 1814 decision--one 
north o f the Ohio River and Louisiana T e rr ito ry  and one south o f Ten­
nessee, including the M ississippi and Orleans T e rr ito r ie s .
By 1820, Congress realized tha t i t  was not going to make much 
money from the sale o f public lands. I t  then started viewing.the te r ­
r ito r ie s  in  terms o f settlement. Various acts aimed a t providing 
incentives fo r settlement were passed in fo llow ing years, including the '
1Based on Stewart (1935) unless otherwise noted.
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r ig h t to se ll areas smaller than a section, r ig h t o f pre-emption, and 
a c re d it system. During th is  time, surveying ins truc tions  became 
more standardized, and the surveys themselves were extended to a ll 
te r r ito r ie s .  In 1855 the f i r s t  Manual o f Instructions fo r  public land 
surveys was issued. These ins truc tions governed almost a ll surveys 
u n t il 1910 (Bourdo, 1956). P rio r to 1910, a ll surveys were headed by 
men hired by Congress under a contract system; fo llow ing 1910, a ll-  
surveys were conducted by c iv i l  service engineers.
Western states were, in  general, surveyed a fte r  1855, and the sur­
vey in Montana was begun in 1867. One-quarter o f Montana had been 
surveyed by 1892, one-half by 1906, and three-quarters by 1916. The 
Lubrecht Forest included areas tha t were surveyed a t various times 
from 1884 to 1897. During th is  time period, three Manuals of Instruc­
tions were used (1881, 1890, 1894), but these Manuals d iffe re d  only 
s lig h t ly  from the 1855 Manual.
The General Nature o f Rectangular Surveys2
For every one or two te r r ito r ie s  or states to be surveyed, a 
point was selected from which each township could be referenced. The 
la titu d e  and longitude o f th is  po int were determined. An east-west 
la t itu d in a l lin e , extending through the s ta rting  po in t, is  called a 
base lin e ; a north-south long itud ina l lin e  through the s ta rtin g  point 
is  called a princ ipa l meridian (Figure 1). In Montana the in i t ia l
2Based on S trahler (1960) unless otherwise noted.
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point is  111°39'33"W and 45°47'13"N (Bureau o f Land Management, 1947).
Fig. 1. Hypothetical s ta rtin g  point fo r  a land survey.
East-west lines were run p a ra lle l to the base lin e  every s ix  miles 
to the north and to the south o f i t .  S im ila r ly , new lines pa ra lle l to 
the princ ipa l meridian were surveyed every s ix  miles on the base lin e  
to the east and to the west o f the p rinc ipa l meridian. This gave rise  
to a g rid  system o f six-mile^square townships. Each horizontal t ie r  o f 
townships to the north and to the south o f the base lin e  was numbered-- 
those immediately adjacent to the base lin e  were numbered 1-north or 
1-south. The numbers increased w ith distance from the base lin e .
Each ve rtica l layer of townships to the east and to the west o f the 
princ ipa l meridian was called a range and was numbered in the same man­
ner as the horizontal layers. Thus each township was numbered accord­
ing to i ts  re la tio n  to the princ ipa l meridian and to the base lin e .
For instance, '’Township 5 North, Range 3 East (T5N, R3E) referred to the 
township in the f i f t h  layer north o f the base lin e  and in the th ird  
range east o f the princ ipa l meridian.
Meridians, lik e  the long itud ina l lines they were based on, con­
verge as they approach the north pole. Thus, each township would have
Principal
meridian
Starting
point
Base 1ine
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a width s lig h t ly  smaller than tha t o f the township to the south o f i t .  
To correct fo r  th is , a new base lin e  was designated a fte r every fourth 
t ie r  o f townships. This new base lin e  was ca lled a Standard Paralle l 
and was numbered f i r s t ,  second, etc. according to i t s  position north 
or south o f the o rig in a l base lin e . The new meridians were marked at 
s ix -m ile  in te rva ls  along the Standard P a ra lle ls , as they were along the 
o rig in a l base lin e .
Each township was divided in to  36 sections, each one-mile-square. 
The numbering o f these sections is  illu s tra te d  in  Figure 4. Each 
in te rsection  of four sections, both w ith in  and between townships, was 
called a section corner. A point^half-way between every two section 
corners on the lin e  was marked as a quarter corner. Although each 
section could have been fu rth e r divided, th is  was not done in the o r i ­
ginal public land survey.
Content o f the Survey Notes fo r  Montana
^ Considerable information on vegetation, p a rt ic u la r ly  trees, can be 
extracted from the f ie ld  notes o f surveying pa rties . Exact d irections 
were given to the heads o f surveying parties on the information to be 
recorded during th e ir  work (Stewart, 1935). A fte r a township was sur­
veyed, surveyors wrote a general description o f the township, including 
dominant tree species, q u a lity  o f timber, and prognoses fo r  a g ricu l­
tu ra l uses. For every section lin e  run, the land traversed was de­
scribed in terms o f general topography, general type and q u a lity  o f 
s o il,  q u a lity  o f timber, re la tiv e  density o f cover (heavily timbered,
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e tc .) and dominant tree species. The tree species in such a summary 
were to be lis te d  in the order o f th e ir  dominance,3 the most dominant 
being f i r s t  (Stewart, 1935). The fo llow ing is  an example o f a section 
lin e  summary:
Land, mountainous.
S o il, stony, 3rd ra te .
Timber, pine, f i r ,  and tamarack, f a i r  q u a lity .
Mountainous, heavily timbered, and covered with 
dense undergrowth.
More sp e c ific , quan tita tive  information was recorded a t section 
and quarter corners. Four bearing trees were marked at each section 
corner. The closest tree to the corner stake in each o f the four 
quadrants formed by the in te rsection  o f the two section lines was chosen
to be the witness tree. "Only the soundest and t h r i f t ie s t  o f the
trees, 'and o f the size and kind which experience teaches w il l  be the 
most permanent and la s t in g 1, were taken fo r  bearing trees" (Stewart, 
1935). A fte r 1881, ins truc tions  to  surveyors fu rth e r specified that 
such trees be w ith in  300 lin ks  (198 fee t) o f the section corner. The 
tree species, diameter, distance, and d irec tion  from the corner were 
recorded in the f ie ld  notes and the tree was blazed. The fo llow ing is  
an example o f the data recorded at a section corner.
80.00 Set a shale stone, 12 x 8 x 6 ins 8 ins in the ground, 
fo r Cor. to Secs. 16, 17, 20 & 21 marked with
3 notches on S and 4 notches on E edges.
from which
A tamarack 24 ins. diam. bears N48°E 20 Iks.
A f i r  24 ins. diam. bears S51°E 26 Iks.
A tamarack 20 ins. diam. bears S53°W 80 Iks.
A f i r  10 ins. diam. bears N22°W 31 Iks.
3Dominance here refers to the abundance of a species, riot to the 
special d e fin it io n  generally used in conjunction w ith percent basal 
area.
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The same information was required a t quarter corners, w ith the excep­
tion  tha t only two trees were marked and recorded, one in each section 
on e ithe r side o f the survey lin e .
Tree species, diameter, and distance from the s ta rtin g  point on 
the section lin e  were recorded fo r  any trees tha t f e l l  d ire c tly  on the 
section lin e . Major changes in vegetation, such as entering a meadow 
or leaving heavy timber, were also recorded.
Once the surveying o f a township was completed, the head o f the 
survey was instructed to make a p la t o f the township. This map con­
tained topographic features as well as vegetational features, although 
exactly what was included seemed at the d isc re tion  o f the survey party 
ch ie f.
Use o f the Survey Notes
Analysis o f the land survey data has varied h is to r ic a l ly ,  depend­
ing on the year and area o f the survey as well as the techniques o f 
analysis ava ilab le  to the researcher. Generally, however, the purpose 
o f analyzing the survey notes has been to compare the vegetation of ap 
area before settlement and exp lo ita tion  by European man to its  present 
vegetation.
The most common use o f survey notes has been to p lo t bearing 
trees by species on country and/or topographic maps and, w ith the help 
o f so ils  and/or topographic data, determine the d is tr ib u tio n  o f broad 
fo re s t types (Sears, 1925, 1926; Kenoyer, 1929, 1933, 1939, 1942;
Dick, 1936; Fassett, 1944; Blewett and Potzger, 1950; Meyer, 1952;
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E l l io t t ,  1953; Shanks, 1953; K ilburn, 1959; Lindsey, 1961; Ogden,
1965; Siccama, 1971). Others have modified th is  technique s lig h t ly ,  
mapping the fo llow ing parameters instead of bearing trees: presence 
or absence o f p ra ir ie  (F in ley and Potzger, 1952; Rohr and Potzger,
1952), percent species composition (Potzger and K e lle r, 1952; Potzger 
e t a l . ,  1956), importance values (McAndrews, 1966), density (Jones and 
Patton, 1966), d is tr ib u tio n  o f grasses and shrubs (York and Dick-Peddie, 
1969), and the presence or absence o f "key" species (S trah le r, 1972).
Another common method o f analysis has been to determine percent 
species composition, dominance, abundance, or frequency by grouping a ll 
bearing trees at corners in a given fo res t type (Lutz, 1930; McIntosh, 
1962). For example, Lutz (1930) determined abundance by the number o f 
times a species was referred to as a bearing tree , expressed as a per­
centage o f to ta l trees lis te d  as bearing trees.
Point-sampling techniques have been used to extrac t quan tita tive  
data, such as density and basal area, from the survey notes. The ran­
dom pairs method was in i t ia l l y  developed fo r analysis o f survey notes 
(Cottam, 1947, Cottam and C urtis , 1949) and the point-centered quarter 
method (Cottam and C urtis , 1956) is  almost iden tica l to the surveyor's 
method of choosing beari ng trees a t section corners. Investigators using 
one or more o f the point-sampling techniques include Cottam (1949), 
Shanks (1953), Kilburn (1959), Lindsey (1961), McIntosh (1962), Crank- 
shaw e t a l . (1965), Lindsey et al (1965), Jones and Patton (1966), and 
Siccama (1971). Some problems have been encountered in  the use o f 
point-sampling methods o f analysis. For example, McAndrews (1966) f e l t
10
tha t the methods yielded u n re a lis t ic a lly  low density values in his 
study o f pre-settlement forests o f northwestern Minnesota. Such 
problems, however, seem rather rare.
CHAPTER I I I
METHODS
Development o f a S tra t if ic a t io n  Scheme
The Lubrecht Experimental Forest, owned by the state of Montana 
and managed by the University o f Montana School o f Forestry, is  a
27,000 acre forested tra c t located approximately 30 miles northeast o f 
Missoula, Montana. The Forest contains many stands tha t d if fe r  con­
siderably in  species composition and s tructu re . I t  seems reasonable 
to assume th a t the pre-settlement forests were variable in composition 
and structure  also. The survey notes should re f le c t  th is  v a r ia b i l i ty  
as the corner data is  essen tia lly  a systematic, low density sample o f 
the pre-settlement forests covering Lubrecht. One method o f reducing 
the v a r ia b i l i ty  inherent in  such a broad sample is  to s t ra t i fy  the data 
such tha t va ria tion  w ith in  groups is less than th a t between groups.
Such s tra t if ic a t io n  schemes are common in research1* and can be useful 
in describing fo re s t v a r ia b i l i ty .  For instance, data from a pine 
stand and from a sp ruce -fir  stand may y ie ld  l i t t l e  useful information 
i f  lumped together but, when treated separately, th is  information would 
give a more accurate description o f the actual fo res t s tructu re .
Logging, f i r e ,  and insect outbreaks have disturbed most o f the 
Lubrecht Forest since the time o f the land survey. Such disturbances
'♦Often the s t ra t if ic a t io n  occurs p r io r to the sample, as ev i­
denced by the procedure o f choosing "homogeneous" study areas. In 
analyzing survey notes, i t  is  necessary to s t r a t i fy  a fte r  data co lle c ­
tion  fo r obvious reasons.
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have a ltered some o f the o rig in a l characte ris tics  o f the pre-settlement 
forests., making a s t ra t if ic a t io n  based on present-day vegetation po­
te n t ia l ly  in va lid . Some c la s s if ic a tio n  methods, p a rt ic u la r ly  hab ita t- 
typing (P fis te r et a l . ,  1974), are based on the potentia l climax vege­
ta tio n . The use o f such methods in  th is  study was im practical because 
o f the great amount o f time involved in  locating a ll the o rig in a l cor­
ners and c lass ify in g  the vegetation a t each corner. Therefore, the 
s tra t if ic a t io n  scheme used here had to be based on something other than 
potentia l vegetation.
Some factors a ffec ting  vegetation, such as topography, are re la ­
t iv e ly  stable and thus were used in  th is  study as the basis o f a s tra ­
t i f ic a t io n  scheme. Various other vegetation c la ss ifica tio n s  have been 
based on topographic features (H ills  and P ierpo in t, 1960; Rowe, 1962). 
In th is  study, three topographic features--aspect, slope, and eleva- 
tion--were used to s t ra t i fy  the Lubrecht Forest survey corner data. 
Aspect and slope p rim arily  a ffe c t the reception o f incident rad ia tion  
(Lee and Baumgartner, 1966) and ava ilab le  moisture, whereas elevation 
a ffects  a ir  temperature and the amount and form o f p re c ip ita tio n  re­
ceived. These three factors in te ra c t in th e ir  e ffec ts  on vegetation.
The d e fin it io n  o f s t ra t if ic a t io n  un its  was necessarily subjective 
as no comprehensive study o f vegetation changes w ith topography has 
been conducted fo r old-growth stands in the Lubrecht area. Further­
more, the s t ra t if ic a t io n  un its  had to be ra ther broad in scope because 
f in e r  d if fe re n tia t io n  would re su lt in  very few corners fa ll in g  in  each 
u n it,  reducing the v a lid ity  o f re su lts .
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Fig. 2. D ivision of aspect.
Aspect was divided in to  three categories (NE, EW, SW) based on 
incident solar rad ia tion  (Lee and Baumgartner, 1966; Foggin, personal 
communication). Figure 2 shows how the 360° o f aspect were divided. 
Slope was separated in to  three groups: gentle (ll5% ), medium (>15%
and <30%), and steep (>30%). The th ird  feature , e levation , was also 
divided in to  three groups: low (<4400 fe e t) ,  medium (>4400 fee t and
<5200 fe e t) , and high (^5200 fe e t). When an area is  f la t ,  aspect is 
essen tia lly  nonexistent and the s lope 'is  0% so another category was 
established—f la t .
T h irty  d if fe re n t categories resul t  from a ll the possible combina­
tions o f these fac to rs . These 30 categories were grouped in to  three 
major s tra t if ic a t io n  units because a) many of the categories represent 
s im ila r environments fo r vegetation and b) there are too few corners to 
warrant 30 s t ra t if ic a t io n  un its . The three major un its are roughly
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defined as fo llows: l- -a  hot, dry environment, 2--a moderate environ­
ment, and 3--a cool, wet environment. Figure 3 is  a key (based on the 
general form o f taxonomic keys) which can be used to c la s s ify  in too n eo f 
the three s tra t if ic a t io n  un its  any point on the Lubrecht Forest fo r 
which aspect, slope, and elevation is  known.
Analysis o f Biases and Estimates
Bourdo (1956) has suggested several methods o f evaluating poten­
t ia l  bias in land surveys. Siccama (1971) used these methods to sup­
port his use o f land survey notes in reconstructing the pre-settlement 
forests o f northern Vermont. Bourdo's methods, however, assume a ran­
dom d is tr ib u tio n  of trees w ith in  timber types.5 This assumption had 
not been tested in the Lubrecht Forest p r io r to th is  study and, conse­
quently, use o f these methods was deemed inappropriate.
Many o rig ina l section and quarter corners have been remonumented 
a t the Lubrecht Forest (see Figure 4). The re la tiv e ly  la te  survey, 
o f these lands compared to eastern and midwestern state surveys and 
the re la tiv e ly  slow decomposition rates compared to more humid areas 
allows the v is ito r  to these corners to observe some o f the s ite  con­
d itio n s  tha t existed a t the time o f the survey. These factors allow 
a d ire c t evaluation o f bias in the selection of bearing trees, espec­
ia l ly  useful because o f the in a p p lic a b ility  o f Bourdo's methods in 
th is  area.
5Bourdo (1956) refers to timber types as defined by the Committee 
on Forest Types o f the Society o f American Foresters (1940).
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S tra t if ic a t io n  Unit
1. F la t (no aspect, 0% slope)
2. Low elevation (< 4400 fee t) 1
2. Medium elevation (4400 - 5199 fee t) 2
2. High elevation (^  5200 fee t) 2
1. NE aspect (345-360°, 0-105°)
2. Low elevation (< 4400 fee t)
3. Gentle slope (<_ 15%) 2
3. Medium slope (16-30%) 2
3. Steep slope (> 30%) 2
2. Medium elevation (4400 - 5199 feet.)
3. Gentle slope (<_ 15%) 3
3. Medium slope (16-30%) 2
3. Steep slope (> 30%) 2
2. High elevation (>_ 5200 fee t)
3. Gentle slope (<_ 15%) 3
3.. Medium slope (16-30%) 3
3. Steep slope (> 30%) 3
1. EW aspect (106-165°, 285-344°)
2. Low elevation (< 4400 fee t)
3. Gentle slope (<_ 15%) 2
3. Medium slope (16-30%) 2
3. Steep slope (>30%) 1
2. Medium elevation (4400 - 5199 fee t)
3. Gentle slope (<_ 15%) 3
3. Medium slope (16-30%) 2
3. Steep slope (>30%) 1
2. High elevation (^  5200 fee t)
3. Gentle slope ( ±  15%) 3
3. Medium slope (16-30%) 3
3. Steep slope (> 30%) 2
1. SW aspect (166-284°)
2. Low elevation (<4400 fee t)
3. Gentle slope [<_ 15%) 1
3. Medium slope (16-30%) 1
3. Steep slope (> 30%) 1
2. Medium elevation (4400 - 5199 feet)
3. Gentle slope (<_ 15%) 2
3. Medium slope (16-30%) 1
3. Steep slope (> 30%) 1
2. High elevation (>_ 5200 fee t)
3. Gentle slope (<_ 15%) 2
3. Medium slope (16-30%) 2
3. Steep slope (> 30%) 2
Fig. 3. Key to s t ra t if ic a t io n  un its .
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Fig. 4. Location o f remonumented corners (O) and the corners 
v is ite d  ( • )  on the Lubrecht Experimental Forest (boundary in d i­
cated by heavy dark l in e ) .
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Thirty-seven corners were chosen p rim arily  on the basis o f the 
potentia l information they might y ie ld  concerning biases and estimates.
A remonumented corner must have a C e rtifie d  Land Corner Recordation 
f i le d  with the Missoula County O ffice  o f Clerk and Recorder; copies 
o f most of these Recordations are also on f i l e  a t camp headquarters at 
the Lubrecht Forest. These records contain information concerning 
evidence o f the o rig in a l corner and bearing trees found in the process 
o f remonumenting the corner. The more evidence tha t remained, the more 
p ro fita b le  i t  was to v is i t  that corner.
Because biases and estimates may have varied w ith each survey 
crew (Bourdo, 1956), an attempt was made to select corners from each 
of the surveys covering Lubrecht. Ease of a cce ss ib ility  o f the corner 
and i ts  proxim ity to other remonumented corners were also considered 
in  the choice o f corners due to time lim ita tio n s . The section and 
quarter corners v is ite d  in the course o f th is  study are shown in 
Figure 4.
Tests fo r  bias were conducted a t a ll the corners v is ite d . A ll 
trees greater than 10.0 inches in diameter a t breast height (dbh) 6 that 
occurred closer to the corner than the bearing tree , as evidenced by 
remains o f the tree or by determining the tree 's  position from the 
survey notes, were cored to determine th e ir  dbh a t the time of the 
survey. Any tree  th a t, at the time of the survey, was o f acceptable 
size (>4.0 inches dbh) and was closer to the corner than the bearing
6Dbh is  the diamter o f a tree measured 4.5 fee t above the ground 
surface.
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tree, was considered to be discrim inated against because of i t s  size 
and/or species. Any stumps which occurred closer to the corner than 
the bearing tree and whose annual rings were s t i l l  discernable were 
analyzed in the same manner as the tree cores.
To estimate a tre e 's  dbh a t the time o f the survey, annual growth 
rings were counted to determine which ring  represented the year o f the 
land survey. The distance from the center o f the core to the ring- 
representing the year of the survey was the inside-the-bark radius o f 
the tree a t the time o f the survey. The inside-the-bark diameter is  
equal to two times the inside-the-bark radius. The dbh o f the tree a t 
the time o f the survey is  equal to the inside-the-bark diameter plus 
the average bark thickness fo r that species and diameter, as determined 
from tables by Faurot (personal communication) and Lange (1971).
Stump analysis involved two m odifications o f th is  method. F irs t,  
the date o f cu tting  had to be determined before the rings could be 
dated. Second, the stumps were approximately 1.0 foo t high so the 
diameter had to be projected to 4.5 fee t (height o f dbh) by using 
species-specific tables (Lange, 1973; Faurot, personal communication) 
fo r th is  conversion.
To determine whether the surveyors had measured or estimated the 
diameters o f, and distances and d irec tions to , bearing trees, analysis 
was re s tr ic te d  to corners where some evidence o f the bearing tree(s) 
remained. The distances and d irec tions to the bearing trees were 
measured and compared to those distances and d irec tions recorded in 
the survey notes. I f  a bearing tree was s t i l l  standing, i t  was cored
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and the dbh a t the time of the survey was calculated as described 
above. This diameter could then be compared to tha t recorded in  the 
notes. In some cases, the surveyors seemed to measure the diameter 
1.0 foo t o f f  the ground (Steele, personal communication). For th is  
reason, calculated dbh's o f standing bearing trees a t the time o f the 
survey were compared to a) the recorded diameters treated as dbh's and 
b) the recorded diameters treated as diameters 1.0  foo t o f f  the ground.
Determination of D is trib u tio n  Pattern
Logging pressure in  the Lubrecht Forest a t the time of the land 
surveys was minimal. Since d is tr ib u tio n  patterns are known to vary in 
re la tio n  to succession and disturbances (W hitford, 1949), study areas 
were established in three old-growth stands in an attempt to analyze 
tree d is tr ib u tio n  patterns as they might have existed a t the time of 
the survey. The type o f d is tr ib u tio n  pattern (regu la r, random, or 
aggregated) is  important because the point-sampling methods used in the 
analysis o f survey notes make the assumption tha t the population stu­
died has randomly d is trib u te d  ind iv idua ls .
Two study units were established in Section 31 (T13N, R14W) on 
the Lubrecht Experimental Forest. This is  the only large area of the 
Lubrecht Forest tha t has not been logged. One stand u n it was located 
in a Douglas-fir (Pseudotsuga m enziesii) 7 stand on a south-facing slope, 
referred to hereafter as S-slope* a t approximately 5400 fe e t w ith an
7Nomenclature in th is  thesis fo llows Harlow and Harrar (1969).
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average slope of 25%. The second u n it was located in a Douglas-fir 
stand on a north-facing slope, referred to hereafter as N-slope, also 
at 5400 fe e t, with a mean slope o f 33%. The th ird  study area was an 
old-growth ponderosa pine (Pinus ponderosa) stand in  T14N, R17W in the 
Gold Creek area of the Blackfoot River drainage, about 20 miles north­
east o f Missoula. This study u n it ,  referred to hereafter as pine 
stand, was located a t about 4800 f£e t with an average slope of appro­
ximately 15%. Jhe pine stand was included in  th is  study because 
a) th is  type o f stand may have been common in the Lubrecht Forest a t 
the time o f the survey, and b) no old-growth pine stands remain in  the 
Lubrecht Forest today. A ll un its were established so as to minimize 
topographic va ria tions.
The Poisson model is  one o f the most common mathematical models 
used to describe populations randomly d is tr ibu ted  in  time or space and 
hence is  often used in the analysis o f d is tr ib u tio n  patterns. Given 
the average number o f events per c e ll ( a ) 8 , a Poisson d is tr ib u tio n  is  
described by
P(X=k) = (e 'Axk)/k ! 
where P(X=k) is  the p rob a b ility  tha t a quadrat w il l  contain k in d iv i­
duals and e is  the base of the natural log. The expected number o f 
quadrats containing k ind iv idua ls is  obtained by m u ltip ly ing  each 
P(X=k) times the to ta l number o f quadrats sampled. David and Moore 
(1954) have described the mathematical assumptions o f the Poisson d is -
8In terms o f th is  study, an event is  a tree stem and a ce ll is  a 
quadrat.
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tr ib u tio n  in terms o f p lant populations as fo llow s: 1) the average
number o f plants is small compared to the maximum possible, 2 ) the 
average number o f plants per quadrat is  approximately the same fo r  any 
large number o f quadrats, and 3) the plants are located independently 
o f one another. A basic and frequently-used property o f random d is ­
tr ib u tio n s  is  tha t population variance (V) is  equal to population 
mean (M).
Greig-Smith (1952) developed the "contiguous quadrat method" to 
determine a) the d is tr ib u tio n  pattern o f populations, and b) the aver­
age size o f clumps should an aggregated d is tr ib u tio n  be indicated. 
Although the method o f determining average clump size is  surrounded by 
controversy (P ielou, 1969), the method of determining a population's 
d is tr ib u tio n  pattern is  w ell-established. With th is  method, a square 
g rid  is  surveyed over a homogeneous9 study area and the number of stems 
in each grid  u n it is  recorded. The resu ltan t frequency d is tr ib u tio n  
can then be compared to an expected Poisson d is tr ib u t io n . Greig-Smith 
(1952, 1964) advocates using two methods o f comparing the observed and 
expected d is tr ib u tio n s : 1) a chi square te s t, and 2) the V/M ra t io .
Although the chi square te s t is  a well-known goodness-o f-fit te s t, i t  
may not be as sensitive  to d is tr ib u tio n  patterns as the V/M ra tio  is  in 
some cases (Greig-Smith, 1952, 1964). Greig-Smith gives the standard 
error of the ra tio  as +_ / 2/ ( n - l ) ,  where n is the number o f quadrats 
sampled. A ra tio  s ig n if ic a n tly  greater than 1.0 indicates an aggrega-
9Generally the study area is  chosen such tha t i t  is  topographically 
homogeneous.
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ted d is tr ib u tio n  and a ra tio  s ig n if ic a n tly  less than 1.0 indicates a 
regu lar, uniform d is tr ib u tio n .
I chose to use Greig-Smith's (1952) grid  system method because i t  
does not involve any estimates o f population parameters such as densi­
ty , since a ll tree stems in  the study are included in the sample. Other 
methods often employ estimates o f population parameters (Moore, 1953; 
Clark and Evans, 1954; David and Moore, 1954; Hopkins, 1954; Morista, 
1954; Pielou, 1959; Holgate, 1965).
A square g rid  system was established.on each o f the three study 
areas. The size of each grid  u n it (or quadrat) was chosen so tha t the 
estimated average number o f stems per quadrat would be between 5 and 15, 
a range tha t is  both workable and re la tiv e ly  sensitive  to chi square 
tests (Loftsgaarden, personal communication). The topography of each 
area was such tha t grid  size had to be varied in  order to meet the 
requirements o f a homogeneous study area. A 150 by 150 m g rid  w ith 
25 hy 25 m quadrats was established in the pine stand. On N-slope, the 
grid  was 160 by 160 m w ith 10 by 10 m u n its , whereas on S-slope, an 
80 by 80 m grid  w ith 10 by 10 m units was established.
The species and dbh o f each stem greater than or equal to 4.0 
inches dbh were recorded by quadrat in each o f the three g rid  systems. 
The minimum size o f 4.0 inches dbh was chosen because i t  was generally 
the smallest size acceptable fo r  bearing trees; thus, the tree popula­
tions studied were equivalent in  size (dbh) to the ones from which the 
surveyors chose bearing trees. The dbh o f each tree was recorded in 
case s ig n ific a n t bias by the surveyors in regard to size class was
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found. The existence o f such bias would e ffe c tiv e ly  change the popû - 
la tio n  from which bearing trees were chosen. Recording the dbh would 
thus enable me to study the d is tr ib u tio n  pattern o f whatever range of 
size classes the surveyors chose bearing trees from.
The data collected was subjected to two s im ila r goodness-of-fit 
tes ts , the G-test and the chi square te s t. BI0MA3.3, a Sokal-Rohlf 
main program on the Montana Decsystem 10, was used to compute the . 
expected Poisson frequency d is tr ib u tio n  ( f ^ ) from the average number 
of stems per quadrat and number o f quadrats sampled. A G-value was 
then computed by the fo llow ing formula (Sokal and Rohlf, 1969):
G = 2 z ln ( f i /? i )
where-f. is  the observed frequency d is tr ib u tio n . G was then compared 
to the chi square table value w ith the appropriate degrees of freedom. 
I f  G was greater than or equal to the table value, the nu ll hypothesis 
was re jected, i .e .  the population of tree stems was assumed not to be 
d is tribu ted  at random. This tes t was conducted both fo r each species 
and fo r to ta l stems w ithout regard to species fo r each o f  the three 
study s ites .
The expected Poisson frequency d is tr ib u tio n s  generated by the 
BI0MA3.3 program were also used to calculate X2 fo r  the tra d itio n a l 
chi square tests where
I f  X2 was greater than or equal to the chi square table value w ith the 
appropriate degrees o f freedom, the nu ll hypothesis was rejected as 
before. Both tests were conducted a t a s ign ificance level equal to 5.0%.
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Analysis o f Survey Notes
Several methods are used to analyze survey notes. The method 
chosen depends on the inves tiga to r's  ob jectives, the location o f the 
study area, and the nature o f the survey notes as affected by the time 
and location of the survey. The primary d iffe rence between th is  study 
and other studies o f a s im ila r nature is  the location o f the study 
area. Most o f the studies have been conducted in  the Midwest or East. 
The areas involved often have l i t t l e  topographic va ria tion  or a con­
tinuous, un id irec tiona l change in topography. In contrast, the 
Lubrecht Forest contains frequent, m u ltid ire c tio na l changes in topo­
graphy.
Mapping by p lo ttin g  a l l  the bearing trees or by p lo ttin g  some para­
meter based on the bearing trees is  most e ffe c tive  when several co n ti­
guous corners fa l l  w ith in  a general fo rest type even though each corner 
may occur in  a d if fe re n t stand. The va ria tion  in  topography a t the 
Lubrecht Forest is  so great tha t even two adjacent corners would se l­
dom fa l l  w ith in  the same fo re s t type or topographic s tra t if ic a t io n  u n it. 
For th is  reason, bearing trees or parameters based on bearing trees 
were not mapped in th is  study. However, the s t ra t if ic a t io n  scheme 
discussed e a rlie r  makes i t  possible to derive much o f the same type of 
information as from a map, a lb e it  w ithout the visual e ffe c t. For 
example, someone interested in  a p a rticu la r area could determine from 
a topographic map what s t ra t if ic a t io n  u n it the area would f a l l  in  and 
then consult th is  thesis to determine the general fo re s t structure  of 
that u n it a t the time of the survey.
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Relative density, basal area, and frequency, importance value,
and size class d is tr ib u tio n  were determined by species and s t r a t i f i -
/
cation u n it fo r  the pre-settlement fo rest o f Lubrecht. The 62 section 
corners and 100 quarter corners in  the Lubrecht Forest were treated 
separately since they represent d if fe re n t sampling types and in te n s i­
t ie s . Relative density was determined as fo llow s:
Rel. density o f _ No. o f bearing trees o f species I 
species I No. o f bearing trees *
Relative basal area or dominance was defined as fo llow s:
Dominance _ b.a. o f bearing trees o f species I 
o f species I b.a. o f a l l  bearing trees x 10
2where basal area (b .a .) fo r  each tree equals Tr(diameter) /4 . Relative 
frequency fo r  each species was defined (Curtis and McIntosh, 1950) as 
fo llow s:
Rel. frequency _ _________ Frequency o f species I_______ x , nn
o f species I ~ Sum o f frequency values fo r  a l l  species
The frequnecy o f a species is  the percentage o f corners a t which that 
species is  represented by one or more bearing trees. The importance 
value fo r  a species is  the sum o f tha t species' re la tiv e  density, basal 
area, and frequency. The maximum importance value is 300. Size class 
d is tr ib u tio n  was simply a tabulation o f the number o f bearing trees by 
species in 2.0 inch size classes, where each diameter size class, C, 
in inches is  defined by the in te rva l C-l <_ C < C + 1.
Point-sampTing techniques can be used to obtain absolute values,
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as opposed to re la tiv e  or percent values, o f fo res t s truc tu re , p a r t i­
cu la r ly  density and basal area. The techniques generally employed fo r  
analyzing survey notes are the quarter method, the random pairs method, 
and the closest ind iv idua l method. These methods presuppose a random 
d is tr ib u tio n  o f ind iv idua ls (Cottam and C urtis , 1949; Cottam e t a l .,  
1953). Consequently, use o f these methods in th is  study was contingent 
on the resu lts  o f the d is tr ib u tio n  tests described e a r lie r . Since- the 
populations from which bearing trees are chosen is  the to ta l tree popu­
la tio n  w ithout regard to species10, a ll trees must be randomly d is t r i ­
buted i f  these methods are to be used.
The underlying concept o f point-sampling techniques, or distance 
measures, is  mean area (M), defined as the average amount o f area on 
the ground surface occupied by one stem, which is  the inverse o f den­
s ity  (Curtis and McIntosh, 1950; Cottam and C urtis , 1956). The spacing 
o f plants is  thus related to theV fl, the re la tio n  varying according to 
what sampling method is  employed. Once M is  determined, density can be 
calculated by find ing the reciprocal of M. Basal area is  then deter­
mined by m u ltip ly ing  density times the average basal area per tree .
The quarter method is analagous to the surveyor's method of choos­
ing bearing trees a t section corners. Once a sampling point is  de­
fined , the area around the point is  divided in to  four 90° quadrants 
and the distance to the nearest tree in  each quadrant is  measured.
The tree  species and dbh are also recorded. The average o f a ll such
10Bias against ce rta in  species, i f  consistent and widespread, 
would a lte r  th is  d e fin it io n  of the sample population.
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distances is  equal to the v/M (Cottam et a l . ,  1953). This method can 
be used fo r a ll trees and fo r ind iv idua l species, y ie ld ing  to ta l den­
s ity  and density by species respective ly.
The random pairs method is  s im ila r to the surveyor's method o f 
choosing bearing trees a t quarter corners. The closest tree to the 
sampling point is  chosen and the lin e  from the point to the tree be­
comes the b isector o f the angle o f exclusion (Cottam and C urtis , 1956). 
The second tree chosen is  the c losest tree to the f i r s t  tree tha t 
occurs outside the angle o f exclusion. The average distance between 
the two trees times 0.80 is  equal to the M  i f  the angle o f exclusion 
is  180° (Cottam and C urtis , 1955). Although any angle o f exclusion 
can be used with th is  method (Cottam et a l . ,  1953), 180° should be used 
in conjunction with the survey notes. The two bearing trees a t quar­
te r  corners were to be chosen from each o f the two sections divided by 
the section lin e , therefore cons titu ting  a 180° angle o f exclusion.
The distance between the two bearing trees was not recorded in the 
notes; only the distances and d irec tions from the corner to the bear­
ing trees were noted. However, th is  information can be used to deter­
mine the distance between the two trees by using the Law o f Cosines, 
c^ = a^+b^-(2ab)cosC, where c is  the distance between the two trees, 
a and b are the distances from the corner to the two bearing trees, and 
C is  the smallest angle between the two trees. The average c, m u lti­
p lied by 0.80, equals the /M (Cottam and C urtis , 1955) and density and 
basal area can then be computed as w ith the quarter method. Differences 
between the surveyors' methods and the random pairs method are d is -
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cussed in chapter V.
The closest ind iv idual method simply involves measuring the d is ­
tance from the sampling point to the closest tree and recording the 
species and dbh o f the tree . The average measured distance times 2.00 
is  equal to the M  (Cottam et a l . ,  1953; Morista, 1954). This method 
can be used w ith e ithe r section corner or quarter corner data, u t i l i ­
zing only the closest bearing tree to each corner.
The distance measured, when using any of these methods, should be 
to the center o f the tree. Some surveyors estimated the distances to 
the center o f the bearing trees while others did not (Steele, personal 
communication). The investiga to r must decide, therefore, whether the 
radius o f the bearing tree should be added to the recorded distance 
p rio r to any analyses.
CHAPTER IV
RESULTS'
Evidence o f Biases, Estimates, and Mistakes
i
Evidence o f bias in the selection o f bearing trees was found a t 
four o f the th irty-seven corners v is ite d  (Table 1). At three of these 
corners, trees 5-8 inches dbh were seemingly discrim inated against; 
d iscrim ination against species a t these three corners was not evident. 
At the fourth  corner, a 5.0 inch lodgepole pine (Pinus contorta) was 
discrim inated against because o f i t s  size or species, or both. Thus, 
bias did e x is t, although probably quite in frequently .
Table 2 shows data from corners ind ica ting  tha t estimates were 
made o f the bearing tree diameters. Although evidence fo r estimates 
existed at only e ight o f the th irty-seven corners v is ite d , these 
e ight corners were the only corners where o r ig in a l,  l iv in g  bearing 
trees were found. Every l iv e  bearing tree found had had i t s  diameter 
estimated by the surveyors. Also noteworthy is  the fa c t th a t, in nine 
cases out of ten, the surveyors overestimated the diameter. The same 
trends appear irregardless o f whether the recorded diameters are 
treated as diameters 1.0 fo o t above the ground or 4.5 fe e t above the 
ground (dbh). The degree Of overestimation is  lessened, however, i f  
the recorded diameters are assumed to be taken 1.0  foo t above the 
ground. In contrast, none of the corners contained evidence that d is ­
tances or d irections were estimated.
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EVIDENCE OF 
OF
TABLE 1
BIAS IN THE 
BEARING TREES
SELECTION
Bearing Tree Closer tree{s)k
Location Species9 Diameter Species Diameterc
T13N,R15W Ponderosa
8 Pine 16 pine 6
17 Ponderosa
pine 6
T13N,R15W D ouglas-fir 8
15 14 F ir 10 Douglas-fir 7
22 23 Douglas-fir 6
T13N,R14W Lodgepole
15 14 Tamarack 12 pine 5
22 23
T13N,R14W
12 F ir 12 Douglas-fir 8
13
^Terminology fo r species follows tha t used by surveyors.
^Trees closer to the corner than the bearing was, in the quad­
rant or on th a t side of the section lin e .
C a lcu la ted diameter o f closer tree a t the time Of the survey.
A number o f mistakes appear to e x is t in  the notes (Table 9 in the 
Appendix). Generally the errors noted seem to be due to a) mistakes in 
recording the information a t the time o f the survey, b) errors a t some 
point in the transcrip tion  of the o rig in a l notes, or c) a s lig h t d i f ­
ference between the position o f the surveyor's corner and the remonu- 
mented corner.
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TABLE 2
EVIDENCE THAT BEARING TREE DIAMETERS 
WERE ESTIMATED
Dbh ( in )
Recorded projected Calculated
Location Species Diameter from dbh (in )
( in ) 1.0 f t .
diameter
T13N ,R14W Ponderosa
15.114 pi ne 8 7 5
T13N ,R14W
15 14 Lodgepole
22 123 pine 8 7 6
T13N R14W Douglas-fir 10 9 8
30129 Douglas-fir 10 9 8
31 132 Douglas-fir 11 10 9
T13N, R14W
30
31 Douglas-fir 14 12 11
T13N. R15W
11 12 Western
14 13 larch 16 14 25
T13N, R15W
3.41 13
23! 24 Douglas-fir 20 17 12
T13N, R15W
15 Ponderosa
22 pine 8 7 4
T13N,R15W 
15 14 
221 23" Douglas-fir 10 9 6
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D is tr ib u tio n  Patterns
Table 3 shows the d is tr ib u tio n  o f to ta l trees greater than or 
equal to 4.0 inches dbh in each o f the three study areas. The table 
shows an aggregated d is tr ib u tio n  o f trees in  the N-slope study area 
and a random d is tr ib u tio n  in the pine stand. The 6 - te s t and chi square 
te s t lead to d if fe re n t conclusions concerning the d is tr ib u tio n  pattern 
‘ o f trees in the S-slope study area, ind ica ting  a borderline s itu a tio n  
between a random and an aggregated d is tr ib u tio n . In a ll three stands, 
the V/M ra tio  indicated an aggregated d is tr ib u tio n .
The d is tr ib u tio n  fo r  each species in the three stands is  shown 
in  Table 4. The d is tr ib u tio n  pattern o f to ta l trees resu lts  from the 
combination of each species' own d is tr ib u tio n  pattern. The G-test and 
chi square te s t lead to the same conclusion in a l l  cases except one.
The V/M ra tio  conclusions agreed w ith 'th e  chi-square te s t conclusions 
in a l l  but two cases.
Although the resu lts  from a ll three study areas are presented 
together in  Tables 3 and 4, i t  should be noted tha t d iffe re n t sampling 
in te n s itie s  were used in each area. In N-slope, there were 256 un its , 
64 in S-slope, and 36 in the pine stand. Extreme caution should be 
used in  in te rp re ting  resu lts  from only 36 samples (Loftsgaarden, 
personal communication). Unfortunately, the topography o f the pine 
stand was such tha t any enlargement o f the grid  system would have 
vio la ted the assumption o f a homogeneous study area.
Point-sampling methods were not used to  analyze the survey notes 
because, as shown here, not a l l  trees are d is tr ib u te d  randomly, thus
TABLE 3
TOTAL TREE DISTRIBUTION ANALYSIS
Area G( d . f . ) a
G-test
Conclusionsb v2X ( d . f .)
Chi-square
Conclusions V/M
V/M 
Conclusions
N-slope 46 ' 589( 10) NRC 62.405(10) NR 1.589 Ad
S-slope 11.874, 
vp;
NR 7.369(5) Re 2.045 A
Pine stand 13.673(g) R 12.940(9) R 2.615 A
ad . f .  -r degrees o f freedom. 
“ S ignificance level = 5.0%. 
“ NR - non-random. 
dA - aggregated. 
eR - random.
TABLE 4
DISTRIBUTION ANALYSIS BY SPECIES®
Species G( d . f . )  .
G-test ? 
Conclusions 'X fd . f . )
Chi-square
Conclusions V/M
V/M 
Cone!us ions
N-slope
D ouglas-fir 4.530 ( c \  
38.950 7 
16.293)'
1 -419(1 )
R 4.009, . R 0.925 R
Lodgepole pine NR 106.525/7 < NR 2.269 A
Engelmann spruce NR 17.374 p 
1.320 p
NR 2.654 A
Western larch R R 1.172 R
S-slope
D ouglas-fir 
Ponderosa pine
15.751/c) 
0 .7 5 1 ^ j
NR
R
14.253,,.,
0.340|jJ
NR
R
2.147
1.650
A
A
Pine stand
Douglas-fir 20.566f/-\ 
14.926 ° 
17.57o|Gj
NR 32.869/e) NR 4.259 A
Ponderosa pine NR 11.738 e) R 2.026 A
Lodgepole pine NR 16.055 3 NR 7.059 A
Abbrevia tions fo llow  those in  Table 3.
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v io la tin g  one o f the assumptions underlying the methods. For a more 
complete discussion of th is  problem, see chapter V.
Structure o f Pre-settlement Forests
Tables 5, 6 , and 7 present the resu lts  o f analysis o f the survey 
notes fo r  each s tra t if ic a t io n  u n it. Pine dominated the hot, dry areas 
(u n it 1, Table 5), followed by f i r  and larch ( Larix occidental i s ) .• 
Thirty-one quarter corners (62 trees) and nineteen section corners (71 
trees) were c la ss ifie d  as u n it 1 .
The moderate areas (u n it 2, Table 6 ) were dominated by f i r ,  f o l ­
lowed close ly by pine and then larch. Although other species were used 
as bearing trees, th e ir  importance values indicated they were re la ­
t iv e ly  rare in most stands. More corners fe l l  in to  th is  class than in 
any other c a te g o ry -- f if ty -e ig h t quarter corners (114 trees) and th ir ty -  
f iv e  section corners (136 trees).
F ir  dominated u n it 3 (Table 7 ), the coolest and wettest o f the 
three un its . At quarter corners, pine was the second most important 
species, followed by la rch . In contrast, larch was second, followed 
by pine, a t section corners. Only eleven quarter corners (22 trees) 
and eight section corners (31 trees) were c la ss ifie d  as u n it 3.
Figures 5-10 present the d is tr ib u tio n  of recorded bearing tree 
diameters in each of the three un its . Only pine and f i r  are presented 
because these are the only species present in  s u ff ic ie n t quantities 
to make such d is tr ib u tio n s  va lid . Since abolsute values fo r density 
could not be ca lcu lated, the y-axis is  simply the number o f bearing 
trees.
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TABLE 5
STRUCTURE OF PRE-SETTLEMENT FORESTS 
IN STRATIFICATION UNIT 1
r • a F ir Pine Tamarack
Quarter Corner Data
Rel. density 35.49 62.90 1.61
Rel. basal area 23.53 76.10 0.37
Rel. frequency 37.83 59.46 2.71
Importance value 96.85 198.46 4.69
Section Corner Data
Rel. density 29.58 57.75 12.68
Rel. basal area 17.15 73.94 8.91
Rel. frequency 36.12 47.21 16.67
Importance value 82.85 178.90 38.26
term ino logy fo r  species follows that used by 
surveyors.
TABLE 6
STRUCTURE OF PRE-SETTLEMENT FORESTS 
IN STRATIFICATION UNIT 2
F ira Pine Tamarack Balsam Spruce Cottonwood Willow
Quarter Corner Data
Rel. density 
Rel. basal area 
Rel. frequency . 
Importance value
45.61
40.12
46.25
131.98
35.09
42.37
31.25
108.71
15.79 0.88 
11.95 0.30 
17.50 1.25 
45.24 2.43
0.88
4.86
1.25
6.99
1.75
0.39
2.50
4.64
Section Corner Data
Rel. density 49.26 37.50 9.56 0.74 - 2.94
Rel. basal area 34.98 48.29 16.54 0.09 - - 0.10
Rel. frequency 46.66 36.67 13.33 1.67 - - 1.67
Importance value 130.90 122.46 39.43 2.50 • 4.71
aTerminology fo r  species fo llo w s  th a t used by surveyors.
TABLE 7
STRUCTURE OF PRE-SETTLEMENT FORESTS 
IN STRATIFICATION UNIT 3
F ira Pine Tamarack Balsam Spruce Alder
Quarter Corner Data
Rel. density 45.45 36.36 4.55 4.55 4.55 4.55
Rel. basal area 41.56 50.46 4.91 0.55 2.18 0.35
Rel. frequency 44.45 33.34 5.55 5.55 5.55 5.55
Importance value 131.46 120.16 15.01 10.65 12.28 10.45
Section Corner Data
Rel. density 41.94 19.35 32.26 . 6.45 .
Rel. basal area 25.23 26.16 44.79 - 3.82 -
Rel. frequency 35.29 29.41 29.41 - 5.88 -
Importance value 102.46 74.92 106.46 — 16.15 “
aTerm inology fo r  species fo llo w s  th a t  used by surveyors.
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CHAPTER V
DISCUSSION 
V a lid ity  and Accuracy o f Survey Notes
While remonumenting survey corners in the Lubrecht Experimental 
Forest, workers have found considerable evidence o f the o rig in a l cor­
ners, especia lly rock mounds and/or bearing trees or th e ir  remains. , 
Therefore, although Bourdo (1956) c ited  cases where the land surveys 
were e n tire ly  fraudulent, the surveys covering the Lubrecht Forest 
appear to be va lid .
Evidence o f bias was ra ther scanty, w ith three o f the 37 corners
1
showing bias against small diameter classes and only one o f the 37 
ind ica ting  possible bias against a species, lodgepole pine. Bias 
against large diameter classes was not detected, possibly because a) a ll 
stumps closer to the corner than the bearing tree were too decayed to 
analyze or b) trees tha t were large at the time o f the survey are not 
present today in  analyzable form. The lim ited  evidence o f b ias, plus 
the implied bias in the surveyor's in s tru c tio n s --th a t bearing trees be 
healthy and long-lived (Stewart, 1935)—do indicate tha t bias was pre­
sent although infrequent. Bias against small and large trees would 
a ffe c t diameter class d is tr ib u tio n s  and absolute values fo r basal areas 
but probably would not severely a lte r  percent basal area estimates.
Bias against species would a ffe c t a ll resu lts  but, since v ir tu a l ly  no 
evidence o f th is  type was found, i t  probably had l i t t l e  e ffe c t on the
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resu lts  reported in th is  thesis.
Estimates o f bearing tree diameters were apparently a common 
occurrence. Furthermore, the surveyors seemed to overestimate d ia ­
meters. These trends were the same fo r  a l l  species so these estimates 
would only minimally a lte r  re la tiv e  values. Absolute values fo r  basal 
areas would tend to be high although bias against large trees might 
o ffs e t th is .
No evidence o f estimation o f distances or d irections to bearing 
trees existed. However, several cases o f apparent mistakes in the 
recorded data make analysis by point-sampling methods, which involve 
distances and d ire c tion s , p o te n tia lly  in va lid  due to an increased e le ­
ment o f e rro r.
Density o f the Survey Sample
The bearing trees in the survey notes constitu te  a low-densi'ty 
sample o f the pre-settlement forests o f Lubrecht. Although re la tiv e ly  
few trees are involved, most investigators believe the bearing trees 
do re f le c t  certa in  characte ris tics  o f early fo res ts .
Approximately 8.0 bearing trees per square m ile are recorded in 
the survey notes o f the Lubrecht Forest, a very small sample by most 
standards. However, th is  number compares favorably w ith other stu­
dies. For instance, Kenoyer (1929) used 5.3 trees per square m ile; 
McIntosh (1962) used 4.7 trees per square m ile ; and Siccama (1971) used 
from 3.6 to 7.1 trees per square m ile. Eight bearing trees per square 
mile is  the maximum possible when four bearing trees are chosen a t
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section corners and two bearing trees a t quarter corners.
Species Id e n tif ic a tio n
Surveyors used common names to id e n tify  bearing trees. A know­
ledge o f the general species composition o f the Lubrecht Forest allows
the determination o f species referred to by common names by the sur­
veyors. "F ir"  and "balsam" are both used as bearing tree names, ind ica­
ting  that the surveyors recognized two species o f f i r .  "F ir "  probably 
refers to Douglas-fir as th is  is  the most common f i r  in the area and in 
the notes. "Balsam," on the other hand, probably indicates subalpine 
f i r  (Abies lasiocarpa), considerably less common in  the Lubrecht area 
and in  the survey notes. "Tamarack" is  western la rch , a name re f le c t­
ing, as does "balsam", the eastern influence o f the surveyors. "Spruce" 
re fers to Engelmann spruce (PiCea enqelmannii), the only spruce species 
in  the Lubrecht Forest.
Two pine species, ponderosa pine and lodgepole pine, are present 
in  the Lubrecht Forest, but the surveyors only re ferred to "pine". 
Ponderosa pine generally a tta ins  a much larger diameter than lodgepole 
(Harlow and Harrar, 1969), so large pines are most l ik e ly  ponderosa 
pine. However, d if fe re n tia t io n  between the two species of pine in  the 
notes is  d i f f i c u l t  fo r medium and small trees, p a rt ic u la r ly  those less 
than 12-14 inches dbh (H. Goetz, personal communication). For th is  
reason, separation o f the two species in the analysis o f the survey
s
notes was impossible; th is  unfortunate circumstance lim its  our under­
standing o f the composition o f pre-settlement fo rests . "Cottonwood",
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"a lder" and "w illow " ( Populus spp., Alnus spp. and Salix spp. respec­
t iv e ly )  were also ind istingu ishable  as to species; however, these spe­
cies were ra re ly  used as bearing trees. Table 8 summarizes the above 
discussion.
TABLE 8
SPECIES USED AS BEARING TREES
Surveyor's Name S c ie n tif ic  Name
Alder Alnus spp.
Balsam Abies lasiocarpa
Cottonwood Populus spp.
F ir Pseudotsuga menziesii
Pine Pinus contorta
Pinus ponderosa
Spruce Picea enqelmannii
Tamarack Larix occidental is
Willow Salix spp.
D is tribu tio n Patterns and the Use of
Point-Sampling Methods o f Analysis
An underlying assumption o f the three point-sampling techniques 
tha t are generally used in  analyzing survey notes--the quarter, random 
pa irs, and closest ind iv idua l methods —is th a t the ind iv idua ls  o f the 
population being sampled are randomly d is tr ib u te d . The reason fo r  
th is  assumption is related to the development o f the methods. The 
distance measures are based on the idea th a t p lant spacing is  related 
to the /M, which is  in  turn related to density (Cottam and C urtis, 
1956). Each o f the point-sampling techniques converts the average
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p o in t-to -p la n t or p la n t-to -p la n t distance to the /M (Cottam and C urtis , 
1955, 1955). The conversion factors have, fo r  the most pa rt, been 
determined em pirica lly  from randomly d is tr ibu ted  a r t i f i c ia l  populations 
or from populations believed to be d is tribu ted  randomly (Cottam e t a l .,  
1953; Cottam and C urtis , 1955). Since distances obtained from the 
quarter, random pa irs , and closest ind iv idua l methods tend to be longer 
in aggregated populations than in  random populations (Cottam and Cur­
t is ,  1956), d if fe re n t conversion factors would have to be used to 
derive correct densities. Thus, i f  the point-sampling methods o f anal­
ys is  are used on non-random populations, the resu lts  w i l l  most l ik e ly  
be erroneous. The magnitude o f the e rro r, however, is  unknown. Dis­
tr ib u tio n  patterns are s im ila r to a continuum, ranging from regular to 
aggregated patterns, w ith randomness occupying a small range of the 
continuum. Exactly how well the point-sampling techniques work in  the 
various aggregated d is tr ib u tio n s  has not been tested.
Many methods have been proposed to determine whether or not the 
population is  randomly d is tribu te d  and the degree o f aggregation (Black­
man, 1942; Moore, 1953; Clark and Evans, 1954; David and Moore, 1954; 
Hopkins, 1954; Morista, 1954; Pielou, 1959; Holgate, 1965; Lloyd,
1967). Most o f these methods are con trovers ia l. Payendeh (1970) com­
pared the accuracy and s e n s it iv ity  o f s ix  o f these methods and found 
tha t the quadrat method11 and P ielou 's method (P ielou, 1959) were the 
best. The major disadvantage o f the quadrat method is  tha t quadrat
n The method referred to here is a random sampling o f quadrats, 
followed by the use o f the V/M ra tio  as a tes t of randomness.
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size can a ffe c t the conclusions drawn; th is  method is  most sensitive  
when quadrat size approaches the average size o f the clumps, i f  they 
e x is t. The contiguous method was chosen here, however, because i t
a) gives actual values o f density, basal area, and other characteris­
t ic s  o f the stand studied, b) allows fo r  analysis o f pattern o f any 
p a rticu la r size classes, and c) allows fo r easy comparison to an ex­
pected Poisson d is tr ib u tio n .
The three goodness-of-fit tests did not always lead to the same 
conclusions. The chi square tes t and G-test generally agreed. How­
ever, since the chi square te s t is  better established than the G-test 
and the G-test does not allow fo r analysis o f zero observations in any 
frequency group, 12 the G -test is  not recommended fo r  use in future stu­
dies o f th is  type. The V/M ra tio  led to d if fe re n t conclusions in  some 
cases where the chi square te s t indicated a random d is tr ib u tio n . Since 
the confidence in te rva l o f the ra tio  is  defined in  d if fe re n t ways 
(Blackman, 1942; Greig-Smith, 1952) w ith somewhat unclear derivations, 
th is  ra t io  is  best used as an ind ica to r o f the d ire c tion  o f departure 
from randomness only when non-randomness is  indicated by a d iffe re n t 
goodness-of-fit tes t. The N-slope resu lts  ind ica te , however, tha t when 
sample size is  la rge, the chi square te s t and the V/M ra tio  both lead 
to the same conclusion.
The analysis o f d is tr ib u tio n  patterns showed th a t trees on the 
north-facing slope were aggregated and that those on the south-facing 
slope were borderline between random and aggregated. Therefore, other
12This is  because ln (0 ) is  undefined.
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stands in the Lubrecht Forest might have non-randomly d is tr ib u te d  trees 
also; non-random d is tr ib u tio n s  are not uncommon in  nature (W hitford, 
1949; Pielou, 1960; Cooper, 1961; Laessle, 1965; Payendeh, 1974; 
Williamson, 1975). This fa c t alone causes questioning o f the v a lid ity  
o f point-sampling methods in analyzing the survey notes o f the Lubrecht 
Forest. I f  other factors are considered, such as the low number of 
sampling points (survey corners), the bias against certa in  size c las­
ses and possibly against ce rta in  species, the estimation of tree d ia ­
meters, and the apparent mistakes in the notes, the decision not to 
use point-sampling methods fo r  analysis o f the Lubrecht survey notes 
seems reasonable.
Special Problems w ith the Use o f 
the Random Pairs Method
A potentia l problem w ith the use 'of the random pairs method tha t 
is not unique to the Lubrecht Forest should be considered. Although 
Cottam (1947) in i t ia l l y  developed th is  method to analyze corners w ith 
two bearing trees, the method does not im ita te  the surveyor's method 
exactly.
One d ifference concerns the angle o f exclusion. While the random 
pairs method uses the lin e  between the corner and the closest tree as 
the b isector o f the angle of exclusion (Cottam and C urtis , 1956), the 
surveyor's instructions defined the angle o f exclusion independently of 
the closest tree . At quarter corners, the surveyors chose one bearing 
tree from each section on e ithe r side o f the section lin e  so the sec­
tion  lin e  created a 180° angle o f exclusion. Figure 11a shows how
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d iffe re n t angles o f exclusion can re su lt in  the sampling of d iffe re n t 
trees and consequently d if fe re n t tre e -to -tre e  distances.
The second d ifference concerns the po in t o f reference used fo r  the 
choice o f trees. The surveyors were instructed to choose the tree 
closest to the corner on e ith e r side of the section lin e  fo r  a bearing 
tree. In contrast, w ith the random pairs method, only the f i r s t  tree 
is  chosen with reference to the corner or sampling po in t. The second 
tree chosen is  the closest tre e , outside the angle o f exclusion, to the 
f i r s t  tree . As w ith the angle o f exclusion discrepancy, th is  d i f fe r ­
ence can re su lt in  a d if fe re n t sample o f trees and tre e -to -tre e  d is ­
tances (Figure l ib ) .
The e ffe c t these differences might have on resu lts  obtained by 
applying the random pairs method of analysis to survey data has not, to 
th is  author's knowledge, been studied. Some researchers (Crankshaw 
et a l . ,  1965; Lindsey e t a l . ,  1965) have recognized the potentia l prob­
lem w ith d if fe re n t angles of exclusion; they used the closest in d iv id ­
ual method o f analysis when the second closest tree was w ith in  the 
180° angle o f exclusion established by the closest tree .
Structure of the Pre-settlement Forest
The data on pre-settlement fo res t composition show tha t, as one 
proceeds from a hot, dry environment (u n it 1) to a moderate environment 
(u n it 2), stands change from pine-dominated to fir-dom inated (Tables 5,
6 ). The wettest, coolest environment (u n it 3) also appears to be f i r -  
dominated (Table 7). Since few corners fe l l  w ith in  u n it 3, the results
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Fig. 11. Difference between the random pairs method and the surveyor's method at
quarter corners.
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fo r th is  un it should be used with caution. In a ll but one case, larch 
is  a consistent component o f the early fo res ts , although never the most 
dominant species.
In u n it 1, f i r  diameters tended to be clustered in  the 8 to 16 
inch diameter classes whereas pine diameters tended to be clustered 
in somewhat la rger diameter classes (Figures 5 and 6). Percent basal 
area (Table 5) also re fle c ts  th is  trend. As f i r  becomes dominant in 
more moderate environments (u n it 2 ) , pine and f i r  diameter d is tr ib u tio n  
patterns converge (Figures 7 and 8 ), although pine s t i l l  has a s lig h t ly  
greater re la tiv e  basal area (Table 6 ). A decrease in re la tiv e  basal 
area caused a decline in  the importance o f pine, although decreases in 
re la tive  density and frequency also contributed to th is  decline. Any 
trends or changes between u n it 2 and the wettest, coolest environment
(u n it 3) are d i f f i c u l t  to ascertain because o f the very small number of
/
corners fa ll in g  in  the la t te r  u n it.
As stated e a r lie r ,  the s t ra t if ic a t io n  scheme served to group cor­
ners together according to the physical environment where they occur. 
Corners are one-half m ile apart, and each one probably f e l l  in a d i f ­
fe ren t stand. Thus, any grouping o f corner data is  probably comprised 
o f trees sampled from a va rie ty  o f stands. The re s u lt o f such s t r a t i ­
f ic a tio n  is  tha t each u n it includes great v a r ia b i l i ty  because o f d i f ­
ferences in the stand ages and h is to ries  as well as d ifferences in s ite  
q u a lity . I f  these resu lts  are to be used to compare pre-settlement 
forests to present-day fo re s ts , the sample o f current fo rests should 
also be composite data from stands representing the v a r ia b i l i ty  found
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w ith in  the broad physical s t ra t if ic a t io n  un its .
A lte rna tive  Uses o f the Survey Notes
This study has been concerned p rim a rily  w ith the use o f data at 
survey corners. However, the survey notes contain many other types o f 
information which can be useful in  analyzing pre-settlement fo rests , 
p a rtic u la r ly  on a small, local scale. Some examples w il l  i l lu s t ra te  
th is  po in t.
As each section lin e  was run, the surveyors not only noted major 
changes in  vegetation, but also recorded the position of each change in 
the notes. Remapping section lines and comparing th is  to the surveyors' 
records make i t  possible to determine any change tha t might have 
occurred in these boundaries over time. Section lin e  summaries in d i­
cate the re la tiv e  amounts of each tree species along th a t lin e , a qua­
l i t a t iv e  measure o f dominance which can also be analyzed fo r  change.
Surveyors also noted major disturbances, p a rtic u la r ly  when the 
disturbances made i t  impossible to find  any bearing trees o f su itab le  
size. For instance, a ll the trees a t the corner o f sections 1, 2, 11, 
and 12 in T13N,R14W were too small fo r  surveyors to mark because a ll 
su itab le-sized trees were blown down. At the quarter corner o f sec­
tions 15 and 22 in T13N,R14W, recent f i r e  had destroyed a ll timber. 
R evis ita tion  o f disturbed areas could contribute  useful knowledge o f 
succession processes, which is  presently only sporadically available 
in the northern Rockies.
Another a lte rn a tive  is  to use the section or quarter corner data
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ju s t  in the p a rticu la r area being studied. As noted e a r lie r ,  the 
resu lts  presented in th is  thesis are essen tia lly  an average of a ll 
stands sampled w ith in  a s tra t if ic a t io n  u n it. For tha t reason, in d i­
vidual corner data may be more ind ica tive  o f a p a rticu la r stand's pre­
settlement structure than the average resu lts  are. Anyone concerned 
w ith the pre-settlement forests o f p a rticu la r areas o f Lubrecht 
should use the resu lts  presented here as well as the survey notes • 
covering the p a rticu la r area o f in te res t as sources o f information.
CHAPTER VI
SUMMARY
Evidence observed at several survey corners indicated bias against 
small diameter trees. Surveyors might have discrim inated against very 
large trees and certa in  species, such as lodgepole pine, p a r t ia lly  be­
cause o f instructions concerning the choice o f bearing trees. However, 
bias did not a ffe c t resu lts  s ig n if ic a n tly  based on the infrequent 
occurrence a t the corners v is ite d  in th is  study.
In a l l  cases where bearing trees were s t i l l  a live  and standing, 
the calculated dbh at the time o f the survey d iffe re d  s lig h t ly  from the 
recorded diameter. Nine out o f ten times, the surveyors overestimated 
the diameter o f the tree.
Analysis o f to ta l tree d is tr ib u tio n  patterns showed tha t trees in 
the ponderosa pine stand were randomly d is tr ib u te d  whereas those in the 
Douglas-fir stand on the north-facing slope were aggregated. Trees on 
the south-facing slope Douglas-fir stand were d is tribu te d  in a border­
lin e  s itu a tio n  between random and aggregated patterns. For deta iled 
reconstruction o f selected areas o f Lubrecht, point-sampling techniques 
o f analysis would be inappropriate to use with the o rig ina l survey 
notes because o f the low in te n s ity  sampling, the non-random d is tr ib u ­
tion  o f trees in some stands, the in fla te d  diameter estimates, and mis­
takes in the notes. Additional potentia l problems e x is t with the ran­
dom pairs method o f analysis.
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S tra tify in g  the survey corners based on aspect, slope, and eleva­
tio n  indicated trends in  fo res t composition o f the pre-settlement 
fo res t in harmony w ith those expected. Pine species dominated the hot, 
dry environments, whereas D ouglas-fir dominated the moderate environ­
ments. Diameter class d is tr ib u tio n s , where Douglas-fir increased its  
average size s lig h t ly  and pine decreased s lig h t ly  w ith the move in to  
a moderate environment (u n it 2), also re flected  th is  d iffe rence . Re­
su lts  fo r  the cool, wet environment (u n it 3) were from so few corners 
tha t I f e l t  i t  inappropriate to base conclusions on tha t data.
The survey notes contain types o f information other than the data 
a t survey corners; these types o f information may be used fo r  a lte rna ­
t iv e  methods o f analyzing the survey notes. This study showed survey 
corner data to be very useful in  describing the structure  o f the pre­
settlement Lubrecht Forest.
APPENDIX 
TABLE 9
MISTAKES IN THE SURVEY NOTES
Location Recorded Data Discrepancy
T13N.R14W
14
23
Pine a t N53°E Found a t N38°E
T13N,R14W
8
17
48-inch pine at S8%°W Stump found a t th is  posi- 
i t io n  was too small
T13N.R15W
23(24 Pine at S79°W 
F ir  at N36°45'W
This is  a north-south 
lin e  so trees should be 
on east and west o f lin e
TMN- __ 
T13N R15“
35136
211
F ir a t S58°E Found pine stump a t th is  
position
T13N
8
17
R15W
9
16
Pine a t N10%°E, 50 1ks. Found a t 80 Iks.
T13N
15
22
,R15W
14
23
Pine a t N71°45'E 
Pine a t S19%°W, 56 Iks.
Found a t N79°E 
Found a t 72 Iks.
T13N
6
7
,R15W
5
8
F ir at N87% E, 56 Iks. Found a t 62 Iks.
T13N
7
18
,R15W
8
17
Pine a t N61°E 
Pine a t S72%°E, 97 Iks. 
Pine a t S38°W, 72 Iks. 
F ir  a t N62°W
Found at N59°E 
Found a t S68°E, 100 Iks. 
Found a t S36°W, 65 Iks. 
Found a t N57°W
T13N.R15W
312
10111
Pine at N52^°E, 53 Iks. 
F ir  a t S10%°E 
Pine at S33°W, 100 Iks. 
F ir at N29%°W, 106 Iks.
Found a t 54 Iks.
Found a t S9%°E 
Found a t 112 Iks.
Found at N30°W, 104 Iks.
T13N.R14W
4
9
F ir a t N7°W 
Pine a t S42 °̂W
Position o f pipe found 
does not f i t  bearing 
tree pattern well a t a l l
T14N
T13N
32
5
R14W
33
4
Pine a t S80°05'E Found a t S85°E
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